This paper has three objects: (1) A brief clinical review of the subject; (2) an attempt to assess the functional results of conservative surgery; and (3) a discussion on the mechanism of rupture.
It is based on some 200 cases which have been reported in Western European languages, but so many records are incomplete that precise statistics are difficult to obtain. Tables I to V give an overall picture of the present position.
BRIEF CLINICAL REVIEW

COMMENTS ON TABLE I
1. There is a preponderance of males under 40 affected.
2. The injury practically always involves diffuse antero-posterior compression of the chest.
3. The overall mortality is given as 30%, more than half of whom die within an hour of injury. Some 10% of those reaching hospital alive succumb (Burke, 1962) . 3. Rupture of the lung is rare since it is produced by local injury to the chest wall rather than by diffuse compression. 3. Rupture may be missed at thoracotomy for haemothorax on account of preoccupation with bleeding (Weisel and Jake, 1953) . Careful inspection is necessary after haemostasis has been obtained since clot may occlude the tear (Griffith, 1965) . A second rupture may also be present. COMMENTS ON TABLE V It is important to note that surgical emphysema and pneumothorax may have cleared up and the lung appear to have reexpanded before collapse sets in. This has not been found to occur later than two months after the trauma, so that all cases of compression chest injury should be reviewed for delayed collapse after that period.
FUNCTIONAL RESULTS OF RESTORATION
We now turn to the functional results of restoration of continuity of the airway. It is pleasing to recollect that it was a member of the Thoracic Society, Mr. J. L. Griffith, who first successfully performed a repair of a ruptured bronchus in 1948, some eight months after injury, and that this patient had been restored to excellent health when last seen before she emigrated to Australia (Griffith, 1949) .
However, restoration of anatomical continuity does not imply recovery of normal function. Post-operative loss of function may be due to stricture formation, to the effects of sepsis or oedema of the lung, or to thoracic cage deformity and paralysis. Sepsis is common with stricture though rare with complete obstruction.
Infection or oedema can lead to non-expansion of the lung, to collapse, to increased radio-translucency, or to inadequate function in clinically and radiologically normal lung.
One of Brewer's cases illustrates this last condition. A man aged 24 sustained a crushing injury of the chest. Complete rupture of the right bronchus took place. A repair was done two months later, after which a plain radiograph, bronchogram, and pulmonary angiogram appeared normal, but function tests repeated up to six years later showed that the oxygen uptake of the right lung was only 40% of the total (Carter, Wareham, and Brewer, 1962; case 5) .
The pathological process appears to vary and includes destruction, fibrosis, and alteration of the alveolar capillary membrane in part of the lung or in the whole lung. The functional deficiency may be due either to an arteriovenous shunt or to a subnormal gas exchange in the affected part. The differential diagnosis between the two is made by noting the alteration in oxyhaemoglobin saturation when breathing 100% oxygen for 10 minutes.
It should be pointed out that many of the early cases of repair appear to have good functional results, though very few have had adequate pulmonary function tests performed to prove the status of the affected lung.
Later cases are defined as those operated upon for reconstruction of the airway three months or more after injury. Only eight such cases have been found in which adequate function tests of each lung separately are available; all these patients showed some loss of function of the lung on the affected side, though two in later reports were stated to be 'back to normal' but without further function tests being mentioned (Razemon and Gernez-Rieux, 1956; Hood and Sloan, 1959) .
A typical later case is as follows. The left pulmonary artery was freed up in case of haemorrhage. The proximal bronchial stump and carina were clearly exposed, after which the distal bronchial stump was dissected out.
The distal stump was opened and much sterile mucus was aspirated, after which a sterile cuffed tube was inserted and both lobes were expanded easily and fully. The proximal stump was then opened and after excision of the damaged area an anastomosis was made with interrupted 0 silk sutures. Both lungs were inflated by withdrawal of the right endobronchial tube into the trachea and the wound was closed with intercostal drainage, which was removed after 48 hours.
Convalescence was marred by a staphylococcal infection of the left bronchial tree, necessitating five bronchoscopies and the prolonged use of antibiotics.
A bronchogram on 3 July 1963, three months after operation, was satisfactory (Fig. 3) . The patient returned to farm work in October 1963, six months after operation and 11 months after the accident; he is at present at work with no disability (Fig. 4) . Eighteen months after operation differential bronchospirometry showed (Table VI) that the average tidal volume, the vital capacity, and the oxygen uptake of It may be concluded that restoration of the airway gives better results than resection, but usually some loss of function is detectable by differential pulmonary function tests.
MECHANISM OF RUPTURE
It has already been stressed that the type of closed injury that produces rupture is one of sudden severe compression of a large area involving the upper anterior chest wall. Experiments on dogs show that the force required to produce rupture by a vertical downward pull was at least 11 kg., whereas a lateral force causing distraction of the carinal region leading to rupture was only 3 kg. (Lloyd, Heydinger, Klassen, and Roettig, 1958) .
Clinically, 80% of closed ruptures take place within 2 5 cm. of the carina, and dog experiments have shown that this is the common type produced by the sudden severe application of pressure over a diffuse area of chest wall either to a supine or to an erect animal whose back is fixed (Table VII) .
The mechanism appears to be the sudden compression of the A.P. diameter leading to lateral widening of the chest with distraction of the carinal region. Rupture occurs in a greatly increased percentage of dogs when the glottis is closed and the lungs are inflated, since this increases the distraction produced by the injury. The heart at the same time is displaced backwards and to the left, increasing still further the distraction of *the bronchi. Finally, the fixity of the carina and the right and left bronchi to the pericardium by the tracheo-pericardiac ligament and the broncho-pericardial membranes increases the forces acting on the region. This gives a satisfactory explanation of the majority of ruptures by closed injury.
Further experimental evidence obtained on dogs shows that sudden inflation of the tracheobronchial tree causes alveolar disruption, never bronchial rupture. There are in human beings occasional cases in which rupture of the posterior wall of the trachea and bronchi is found with typical everted edges, implying an explosive force acting within the air passage (Peters, Loring, and Sprunt, 1958) .
This suggests that the compressive force acted while the glottis was closed and the lungs were in an inspiratory phase and so led to tracheobronchial rupture in the larger diameter air passages rather than in the smaller ones in accordance with physical laws.
Rupture of the lobar bronchi is probably due to a combination of distraction and shearing with the possible addition of rotation. Tracheal rupture above the carinal region is probably due to a shearing action-that is, 'successive layers being shifted laterally over each other' (The Concise Oxford Dictionary).
Such a case is well illustrated by a patient of Mr. C. Parish, who gives the following particulars:
'The patient was a 30-year-old ambulance driver, who in his off-duty was driving a taxi through fog in mid-winter when he collided with a lorry and trailer. Some of his passengers were killed and the driver struck the windscreen with his left face and left shoulder, and this shearing force ruptured the trachea between the second and third rings. The skin was not broken. Extensive bruising of the left shoulder and over the whole of the left side of the face confirmed the mechanism of the injury, i.e., the neck was suddenly extended and rotated to the right. A simple skin incision followed by the insertion of a tracheostomy tube was all that was required. The removal of the tube some days later resulted in total healing and he is now back to normal. You will note that there were no bony injuries.' (Fig. 6.) No evidence of rupture of the trachea has been found in a patient who survived, which could be Conservative surgery gives excellent if not perfect results in suitable cases.
The mechanism of rupture is usually distraction of the carinal region, but in other areas shearing, or laceration from posterior 'blow out', may occur. All types can be produced by a diffuse compressive force applied to the upper anterior chest wall.
